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1. INTRODUCTION

Experimental forecasts of the rate of pan evaporation (RPE) for 66

stations in the National Weather Service (NWS) Western Region will be avail-
able on teletypewriter during July through October of 1977. These predictions
are for 24-hr amounts and were developed by the Techniques Development Labora-
tory (TDL) with support from the Western Region Scientific Services Division.
The forecasts should be of interest to those NWS forecasters who are involved
with agricultural forecasts of parameters related to pan evaporation, particu-
larly in areas of critical water shortages.

2. DEVELOPMENTAL METHOD

We used the Model Output Statistics (MOS) approach (Glahn and Lowry, 1972)
to develop our prediction equations for RPE. Figure 1 shows the periods
covered and sources of predictors for each cycle. Forecast fields included
those from the 0000 GMT cycle of the Primitive Equation (PE) and Trajectory
(TRAJ) models and 1200 GMT cycle of the Limited-area Fine Mesh (LFM) and PE
models. All the model forecasts were interpolated to the sites of the test
stations. These interpolated values and trigonometric functions of the day of

year were then screened by the use of a stepwise regression procedure to develop

RPE equations for each station. Figure 2 shows the 66 stations for which we
derived prediction equations.

The RPE forecasts based on these equations are for amounts of pan evaporation
during the 24-hr period immediately preceding the time of observation which is

1200 GMT. Each day, RPE forecasts are made for three periods (12-36 hr, 36-60 hr

and 60-48 hr) during the 0000 GMT forecast cycle and for two periods (00-24 hr
and 24-48 hr) during the 1200 GMT cycle.

The developmental sample consisted of observations of RPE from July through
October 1973, 1974, 1975 and 1976 with each station being required to have at
least 180 observations. Most stations had mean RPE observations between .20
and .30 inches, the extreme means being .11 inches at Puyallop, Washington
and .42 inches at San Luis Dam, Califovnia. Daily observations ranged from no
evaporation to slightly over an inch.

3. [EQUATION CHARACTERISTICS

The predictors screened by the regression program are listed in Tables 1 and
2. They are divided into several categories based on the cycle and forecast
period to which they apply. Further subdivisions are made on the basis of
variable type. The cosine of the day of the year and of twice the day of the
year were available in all cycles and for all forecast periods.



The RPE equations were limited to 10 predictors with each predictor
entering the equation being required to reduce the variance more than one-
tenth of one percent. The vast majority of the equations contain the full
10 terms.

The Period 2 RPE equation from the 0000 GMT cycle for Auburn Dam, California
is shown in Table 3. The equation reduced the variance by 67% and had a stan-
dard error of .06 inches of evaporation. The first. predictor entering this
equation was the cosine of the day of year which explained 49% of the variance.
It was followed by the 48-hr PE mean relative humidity which explained an
additional 12% of the variance, and the 36-hr PE 700-mb temperature which
explained an additional 2%. The remaining predictors in the equation each
added less than 1% to the explained variance.

The standardized regression coefficients, which are a measure of the relative
importance of each predictor in the equation, are also listed in Table 3. They
are determined by multiplying the regression coefficient of a predictor by the
predictor's standard deviation and then dividing by the standard deviation of
the predictand. 1In this example, both the 48-hr PE mean relative humidity and
the 36-hr PE 700-mb temperature are about half as important as the cosine of
the day of the year. The PE boundary layer and 850-mb U components of the
wind appear to be important because of their large standardized coefficients.
However, when two predictors are strongly correlated (as these probably are),
it is misleading to consider their standardized coefficients separately. 1In
this particular case the standardized coefficients are of opposite sign and
tend to cancel each other.

Table 4 is a summary of the reduction of variance and standard error for
each of the 66 equations. The overall mean reduction of variance for all
stations and all projections combined is ,608. There is, however, a consider-
able amount of variability between stations. The greatest reduction of variance
is .847 with the smallest being .271. Standard errors range from .037 inches
to .120 inches with only three stations having standard errors greater than a
tenth of an inch.

The cosine of the day of the year is overwhelmingly the best singular
predictor of RPE. It was selected first by the regression procedure more than
75% of the time and accounted for a large percentage of the total variance
explained by the regression equation. The high correlation between the cosine
of the day of year and RPE is probably due to the fact that the cosine is
particularly well correlated (inversely) with the amount of incoming solar
radiation during the period of July through October. The amount of incoming
solar radiation is very important in determining pan evaporation.

Humidity predictors also appear to be very important in determining RPE.
They were selected second by the regression more than half of the time with
the mean relative humidity being the predominant humidity predictor. Other
important predictors are the boundary layer potential temperature, 850- and
700-mb temperatures, and winds in the boundary layer and at 850 and 700 mb.



4., MESSAGES AND SCHEDULES

Rate of pan evaporation forecasts are transmitted to the Western Region
via RAWARC in three new teletype bulletins (FXUS40/41/42). Values in these
messages are in hundredths of an inch. A sample of the FXUS40 bulletin is
shown in Figure 3.

Forecasters using this evaporation guidance should be aware that the forecast -
values are rates of pan evaporation, not evapotranspiration. Also, because the
cosine of the day of the year is such an important predictor in many of the
evaporation equations, extreme fluctuations from the normal may not often be
predicted.
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Figure 2. The 66 stations used to forecast
summer of 1977,
as well

24-hr rates of pan evaporation during the
I'he bulletins in which the forecasts appear

are also indicated,
as the individual station identification

numbers,
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FOLLOWING FOR INTFRMAL MWS USF--NOT FOR PUSLIA DISSEMINATINN
EXPEPIMENTAL RATF OF PAN FUAPORATION FOSTS T/01/717
PERION=- 1202GMT TO 1200GMT

12712 13/12 14/12 12/12 13712 14712

nol1o 23 40 37 6152 22 25 24
9303 28 35 30 1047 21 20 25
1472 23 28 22 2409 21 22 22
3110 21 21 21 4345 34 23 30
5333 14 18 17 7550 21 23 23
8501 13 16 14 3733 18 19 19
1862 20 21 24 3847 32 33 32
5160 31 36 35 5424 27 26 26
5734 33 36 38 £151 19 22
6540 33 33 33 9318 23 24 24
0564 17 15 15 1690 31 31 36
2542 23 25 23 6768 27 21 29
6303 13 14 16 6880 24 25 26
7933 29 30 29 9079 30 28 26

9200 31 31 29

Figuré 3. A sample FXUS40 teletype bulletin.



Table 1. Potential predictors available to screening regression
program for the development of rate of evaporation equations for

0000 GMT cycle.

0000 GMT CYCLE FOR FERICD 1
(Forecast Projections of 12, 2L, and 36 hours)

Dynamic------ PE 850-mb Height
PE Surface Pressure
PE Boundary tayer; 850- and 700-mb U, V and Wind Speed
PE Boundary layer, 850- and 750-mb Vertical Velocity
PE Boundary layer Vorticity '
PE Boundary layer Wind Divergence
PE Boundary layer 24 Hr Wind Speed Difference
PE Boundary layer 24 Er Potential Temperature Difference
PE 24 Hr Surface Pressure Difference
TRAJ Boundary lLayer 12 Hr Horizontal Convergence
TRAJ Surface, 850- and 700-mb Vertical Displacement

Thermal------ PE 850- and T0O-mb Temperature
* PE Boundery layer Potential Temperature
TRAJ Surface, 850- and 700-mb Temperature

Moisture----- PE Boundary layer, Layer 1 end Mean Relative Humidity

PE Precipitable Vater

PE Precipitation Amount

PE Boundary layer Moisture Convergence

TRAJ Surface, 850-, T00- and surface to 700-mb Mean
Relative Humidity

TRAJ Surface, 850- and 700-mb Dewpoint

TRAJ Surface, 8550- and 700-mb Dewpoint Depression

TRAJ Precipitation Amount

Stability---- PE 700- to 1000-mb, 350- to 1000-mb, T700- to 850-mb and
500- to T700-mb Temperature Difference
PE G Index
TRAJ K Index
. TRAJ Total Totals Index
TRAJ Surface to T00-mb Convective Instability -

Seasonal----- Cosine of Day of Year )
Cosine of Twice the Day of Year

0000 GMT CYCLE FOR PERIODS 2 and 3
(Forecast Projections of 36, 48, 60, 72 and 8L hours)

PE 850-mb Height

PE Surface Pressure

PE Boundary lLayer and 850-mb U, V and Wind Speed

PE Boundery Layer, 850- and 750-mb Vertical Veloecity

PE Boundary Layer 2k Hr Wind Speed Difference

PE Boundary layer Vorticity

PE Boundary Layer Wind Divergence

PE Boundary Layer 24 Hr Potential Temperature Difference
PE 24 Hr Surface Pressure Difference '

Thermal------ PE Boundary Layer, 850- and 700-mb Temperature

Moisture----- P Boundary Layer, Layer 1 and Mean Relative Humidity
PE Precipitable Water
PE Precipitation Amount
PE Moisture Convergence

Stability---- PE G Index
FE T00- to 1000-mb, 850- to 1000-mb, 700- to 850-mb and
500- to 700-mb Temperature Difference

SeagonAl----- Cosine of Day of Year ‘
Cosine of Twice the Day of Year
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Table 2. Same as

Table 1 except for 1200 GMT cycle.

1200 GMT CYCLE FOR PERIOD 1

(Forecast Projections of 6, 12, 18 and 24 hours)

Stability----

Seasonal-----

LFM 850-, 700~ and 500-mb Height

IFM Surfece Pressure

LFM Boundary lLayer, 850-, 700- and 500-mb U, V and Wind
Speed

LFM Boundary layer, 850-, 700- and 500-mb Vertical
Velocity

LFM Boundary layer Vorticity

LFM Boundary Layer Wind Divergence

LFM 1000-, 850-, 700- and 500-mb Temperature
IFM Boundary layer Potential Temperature

LFM Boundary layer, layer 1, Layer 2 and Mean Relative
Humidity

IFM 850-, 700-, and 500-mb Dewpoint Depression

IFM Precipitable Water

IFM Precipitation Amount

LFM Boundary layer Moisture Divergence

IFM ¥ Index

LFM Total Totals Index

IFM 500- to 700-mb and 700- to 850-mb Temperaturs
Difference

Cosine of Day of Year
Cosine of Twice the Day of Year

1200 GMT CYCLE FOR PERICD 2

(Forecast Projections of 2k, 36 and 43 hours)

Stability----

Seasonal-----

850-mb Height

Surface Pressure

Boundary Layesr, 350- and 700-mb U, V and Wind Speed
Boundary layer, 850- and 750-mb Vertical Velocity
Boundary layer Vorticity

Boundary Layer Wind Divergence

B Boundary lLayer 24 hr Wind Speed Difference

ERCRSRERuReRY)

PE 850- and TOO-mb Temperature
PE Boundary layer Potential Temperature

FE Boundary Layer, Layer 1 and Mean Relative Humidity
PE Precipitable Water

PE Precipitation Amount

FE Poundary Layer Moisture Divergence

F2

G Index i
FE 700- to 1000-mb, 850- to 1000-mb, TOO- to 850-mb and
500- to T00-mb Temperature Difference :

Cosine of Day of Year
Cosine of Twice the Day of Year




Table 3. The Period 2 (36-60 hr) rate of evaporation equation for Auburn Dam

Project, California for the 0000 GMT cycle.

Forecast Comlar ve ‘s Standardized
Predictor Projection  Samenion CoMfHlelen O ent
Regression Constant - - -1.95
1. Cosine of Day of Year - L4925 - .102 -.453
2. PE Mean Relative Humidity 48 6152 - .00157 -.244
3. PE 700-mb Temperature 36 .6357 .00526 .205
4. PE Boundary Layer V 60 . 6450 - .00359 - =.091
5. PE Boundary Layer Wind 48 .6517 .00478 .074
Speed
6. PE 850-mb Height 60 . 6557 .000474 134
7. PE Boundary Layer 48 . 6609 .0208 .123
Relative Vorticity
8. PE 850-mb U 60 .6641 .00534 115
9. PE Boundary Layer U 48 ' .6682 ~ .0148 ~.229
10. PE 850-mb U 48 .6723 .0120 289
Total Reduction of Variance 6723
Multiple Correlation Coefficient .8199
Standard Error of Estimate .0628




Reduction of variance and standard error for each station.

Table 4.

1200 GMT
Period 1
STD _ERR

00 - 2k hr

RDVR

0000 GMT
Peried 3
STD ERR

50 - B4 hr

RDVR
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